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INTRODUCTION

Point source n~casurcmcnts  (e.g. sun photmnctcr dam, weather station observa-
tions) are often Used to constrain radiative transfer models such as
MODTRAN/I..OWTRAN7 when atmosphcricall  y correcting AVIRIS imagery. “l’he
basic assumption is that the atmosphere is horizontally homogeneous throughout the
entire area. If the target area of interest is located a distance away from the point
mcasurcmcnt position, the calculated visibility and atmospheric profiles may not be
charactc]istic of [hc atmosphere over the target.

AVIRIS sccncs  arc often rcjcctcd when cloud cover cxcccds 10 pcrccnt.  How-
ever, if the cloud cover is dctcrmincd  to bc primarily cirrus rather than cumL]lus, in-
wa(cr optical properties may still bc cxtractcd  over open ocean. High altitude cirrus
clouds arc non-absorbing at 744 nm (Rcind, et al, 1992). If the optical properties of
the AVIRIS sccnc can be determined from the 744 nm band itself, the atmospheric
conditions during the ovcrilight  may bc deduced.

2. STUDY SITE
AVIRJS imagery of Monterey Bay, CA (Figure 1) was acquired 4 Scptcmbcr

1992 at 14:0() PDT ill stlppor(  of a ]argcr cxpcril]~cnt which involved shipboard n~cas-
urcrncnts  of photosynthetic pigment concentrations. Monterey Bay, a designated
National Marine Sanctuary, is an ecologically important area that has been the subjcu[
of intense research for over 15 years duc to the diversity of underwater habitats,
incrcascd bioproductivity  from upwc]ling  coastal waters and anthropogtmic  impact.

‘3. . IN-SITU MEASUREMENTS AND PROCESSING
The Monterey Bay Aquarium Research lnstitutc (MBARI) maintains a permanent

mooting, Ml, in the Bay. The mooring includes Biosphcrical Instruments MER-2020
underwater spcctroradiometcrs at depths  of 10 and 20 m which measured downwclling
irradiance and upwclling  raditincc at six wavelengths and u surfiacc  sensor which mctis-
urcd surface irradiancc at five wavckngths. A G1)S is deployed on the mooring giving
exact geographic coordinates at the time of the ovcrllight.  I’k MER-2020 datti at 10
and 20 m were convcrtcd  to water-koving radiance al each of the five wavelengths.
instrumentation problems prcvcntcd  usc of the surFacc irradiance values.
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Cloud profiling was performed sin~ultoncously  with Reagan sun photometer nwas-
urcmcntss  at the Presidio in Monterey, CA, over 20 km away from the mooring loca-
tion. The sky was characterized by an increasing covcragc of stratocirrus and cirrus
clouds from sunrise to the time of the overflight. A halo was dctectcd  around the sun
indicating ice crystals at an altitude of approximately 12 km. The sun photometer data
was reduced using a modified LangIcy approach (Bruegge,  et al, 1990), yielding a cal-
culated visibility of 36 km and atmospheric water profiles. Ancillary meteorological 3

data were supplied by the Naval Post Graduate School’s Doppler radar wind profiler
(wind speed and wind direction) and the NPGS weather station (surface pressure and
tcmpcraturc).

4. ANAI,YSES  AND I< EWJI.TS

A correction factor was applied to the radiomctrical]y  corrcctcd  AVIRIS data
based on the ratio of the in-flight calibration to the laboratory calibration (Rob Green,
personal conmluniqu6). The 557 an(i 1382 mm bands of the corrcctcd, calibrated
AVIRIS scene were used to deicrminc cloud type
clouds (low elevation water clouds), if present, will
will not be dctectcd  in the 1382 nm sccnc, where
from the scattering by the cirrus clouds. The cloud
entirely cirrus.

Apparent reflectance, paPP, of the cirrus clouds

‘AV744

P“PP = -L,,.0A,44

where LAv7dJ is the radiance from AVIRIS 744 nm

(Gao and Goctz,,  1992). Cumulus
bc visihlc  in the 557 nm sccnc but
the observed ra(iiancc rcsu]ts only
cover, estimated at 20 pcrccnt,  was

was calcu]atcd  as

(1)

band and l~~&,,  is the solar radi-
ance at 744 nm above the top of the atmosphere (Iqbal, 1983).

Since the cirrus clouds are non-absorbing at 744 nm and the reflectance of the
ocean surface is negligible at this wavclcng[h,  the radiance measured rcprcscnts mainly
the scattering of the ice crystals and the ocean aerosols. Transmission at 744 nm may
then bc approximated as

TAv7U  = 1.0 – p,l)p (2)

and represents transmission of solar energy in the prcscncc  of aerosols.

MODTRAN was iterativcl  y run at visibilitics  ranging from 30-100 km. l’hc total
optical depth at each visibility was separated into the individual components of Ray-
lcigh [scattering], Mic [scattering] and ozone. At 70 km visibility, the MOL)TRAN
predicted total aerosol optical depth matched within 2.55% the calculated optical depth
from the AVIRIS 744 nm image.

A 50 x 50 pixel area at the location of M 1 mooring was atmospherically
corrected to water-leaving radiance with MODTRAN and incorporated a continuum
intcrpo]atcd  band ratio (CIBR) correction for wa(cr vapor, an ozone correction factor
and a visibility of 70 km (Davis, et al, 1993). l’hc resulting spccwum  cicrnonstratcs
closer agreement with the calculated water-leaving raditincc  from the mooring  data
than LW from 36 km visibility (Figure 2). “1’hc negative and low values bctwccn  400-



- 3 -

450 nm are duc to the insensitivity
[ocean] targets in these wavc]cngths.

In the absence of near-surface

of AWRIS  to detect rodiancc  values from dark

profiling mcasurctncnts  of the underwater light
field, the mooring data represent a crude approximation when computing water-lcav;ng
radiance values. Profile mcasurcmcnis are typically binned  to 1 m intervals. The
depth-rate of spectral attenuation is fit with a polynomial, extrapolated to just  below
the surface, and transformed to a value just above the surface using an empirical rela-
tionship.  With measurements only at 10 and 20 m, the attenuation curve is highly
skewed toward lower attenuation values due to the fi~ct that most of the absorption and
scattering affecting water-leaving radiance occurs in the uppermost optical depth. This
leads  to artificially high calculations of water-leaving radiances.

C. MobIcy’s radiative transfer tnodcl  (Moblcy,  1989) was initialized with the irra-
diancc calculated by MODTRAN, the vertical profile of chlorophyll-a comxxtration  at
mooring M 1, the solar zenith unglc and the rccordcd wind speed at the time of the
AVIRIS ovcrilight. The calculated water-]caving radiance at the six ME]{ wavc]cng[hs
(Figure 2) was resealed by a fitctor of 0.4. l’his factor may bc associated with the
uncertainties in the irradiancc  calculated by MOD1”RAN,  the absorption and scattering
coefficients calculatc(i  for the open ocean versus coastal waters and the method  0[ con-
verting in situ MFH< rneasurcmcnts  at 10 and 20 m to water-leaving radiance,. The
radiance distribution calculotcd  by the radiative transfer mode] depends both on the
inherent optical properties of the water column and on the sca state and sky radiance
distribution. The model is tipplicab]c  to general ocean waters. In these model  runs,
the absorption and scattming  coefficients were calculated as functions of wavelength
and chlorophyll using empirical relationships developed for clear ocean waters (Morel,
1988).  In view of the fact that these relationships arc not specific to Monterey Llay,
the results arc encouraging.

The above outlined method of retrieving atmospheric parameters from an AVIRIS
sccnc demonstrates that there arc caveats for using point source mcasurcmcnts for ini-
tializing MODTRAN and that AVIRIS scenes contaminated by optically thin cirrus
clouds may still bc atmospherically corrcctc~i.

5. . ACKNOWLEDGEMENTS

The authors wish to thank Dick Lind and Mark 1300thc  (Dcparm~cnt  of Meteorol-
ogy, Naval Postgraduate School, Monterey, CA), Francisco Chavez (MBA]<]), David
Glover and Dan Repeta (Woods Hole Oceanographic Institute), and Mike Hamilton
and Stu Pilorz (JPL) for the ancillary data and icchnical  discussions.

6. REFERENCES

Brucggc, C. J., J.13. Cone] ,  J.S. Margo]is,  R.O. Green,  G.  Toon,  V.F3. Carrbrc,  R.G.
Ilolm,  G. Hoover. 1990. In-Situ Atmospheric Water-Vapor Rctlicva]  in Support of
AVIRIS Validation, Imaging  S~)[~(:tl”(),v(:[)j)?Y  of Ihe Tcrrestri{ll  Envirmment,  Gregg
Vane, Editor, Proc. SPIE 1298, Orlando, Florida, pp. 150-163.



1
- 4 -

Davis, C. O., M.K. Hamilton, W.J. Rhea, J.M. van den Bosch,  K.C. Carder and R. Ste-
ward. 1993. Spectral Analysis of an AVIRIS Image of San Pedro Channel. Imaging
Spectroscopy of the Terrestri{-1  Environment, Gregg Vane, Editor, Proc. SPIE, Orlando,
Florida (in press).

Gao, B.C. and A.F.H. Goctz 1992. Detection of Thin Cirrus Clouds from AVIRIS
Data using Water Vapor Channels near 1.38 pu. International Geoscience and Remote
Sensing Symposium, Houston, 7’X, 91-72810, v. 1, pp. 719-721.

Iqbal,  M. 1983. An Introduction to Solar %di(ltion,  Academic Press, pp. 44-50.

Moblcy, C.D. 1989. A Numerical Model for the Computation of Radiance Distribu-
tions in Natural Waters with Wind-Roughened Surfaces. Limnology  and Oceanogra  -
I)hy, 34(8), pp. 1473-1483.

Morel, A. 1988. Optical Modeling of the Upper Ocean in Relation to its Biogcnous
Matter Content (Case I Waters). Journal of Geophysical A?esearch,  v. 93 C9, pp.
10749-10768.

Reind, R. E., S.A. Christopher and R.M. Welch. 1992. q’hc E1’feet of Spatial Resolu-
tion upon C1OUCI  Optical Properly Retrievals. Part I: Optical l’hickncss. ~ntern(~tion[~l
Geoscience  and Remote Sensinp  Svnvmsium, Hoiiston, TX, 91-72810, v. 1, PP. 722-., . . J

725.
. .



/

/’-\-J



Ml Water–Leaving Radiance
0.30 L’’’’’’’’’’’’ T’’’’’’’””

, I ! ! 1 1

t
I

1-

L-
1

o

—  ~ from. AVIRLS  (70  km v i s )

----- ~ from AVIRIS (36 km vis )

X ~ f r o m  !JER data

O  ~ f r o m  hfobley model

I

1-j
I

i
1

L
(/2 I

w

E
f“)

t‘> 0.05}
r

4 0 0

-i

5 0 0 ’700 800

Figure 2
.


